The impact of oral rehydration therapy (ORT) on the recent decline in diarrhoea mortality in the northeast of Brazil was studied. Proportionate infant mortality fell from 32% in 1980 to 17% in 1989 and infant deaths attributed to diarrhoea dropped from 41 % to 25%, resulting in an overall reduction of 57%. Similar decreases were observed for children aged 1-4 years. Diarrhoea admissions also fell from 57% of infant hospitalizations in 1980 to 30% in 1990. None of the other major causes of death or admissions showed such decline. ORT was introduced in the early 1980s, being used in 35% of all episodes in 1991 and in 62% of those regarded as severe by the mother. Other changes included a worsening of socioeconomic conditions and increases in water supply, vaccine coverage, breastfeeding duration and nutritional status. A simulation model estimated that changes in factors other than ORT would lead to a 21 % reduction in infant diarrhoea mortality, or about one-third of the actual decline. Finally, an ecological analysis showed that ORT use rates were inversely correlated to infant diarrhoea mortality (r= -0
Introduction
The twenty-fifth anniversary of the discovery of oral rehydration therapy (ORT) -the cornerstone of diarrhoea control efforts 1 -was commemorated in 1994. 2 This breakthrough has been described as 'potentially the most important medical advance this century'. 3 Nevertheless, there is limited evidence that ORT has been able to reduce diarrhoea mortality on a large scale. In Egypt, there was an acceleration in the rate of fall in diarrhoea mortality after a national ORT campaign started in 1983. 4 In rural Bangladesh, however, a massive ORT campaign failed to reduce overall diarrhoea mortality. 3 Although declining trends in diarrhoea deaths were recorded in several countries in the 1980s, 16 no studies have systematically attempted to exclude alternative explanations for the observed reductions.
An opportunity to investigate the association between trends in diarrhoea mortality and ORT use is available in the Northeast of Brazil (Figure 1 ). This region has a population of about 43 million with 9 states ranging from 1.5 to 11.9 million inhabitants. 7 It is the country's poorest area, with an infant mortality rate currently estimated at 80 per thousand, compared to less than 50 for the rest of Brazil. 8 Until recently, diarrhoea accounted for about one-third of these deaths. ORT was introduced through population campaigns in the early 1980s. Recent efforts from state, federal and international agencies have resulted in a marked emphasis in its promotion. Between 1988 and 1991, for example, the ORT use rate increased from 24% to 35 %. 10 At the same time, unpublished evidence suggested rapidly declining trends in diarrhoea admissions and deaths. The present study was aimed at describing these trends, correlating ORT use with diarrhoea mortality and exploring alternative explanations for the declining diarrhoea rates.
characteristics of the diarrhoea episode and its management. In each state, the possibility of changes in the catchment population of the selected hospital was investigated, but this did not appear to have occurred.
Regional trends of morbidity and mortality were obtained by pooling data from the 9 states, weighted by their 1985 infant and child populations. Spearman rank correlation coefficients were used to investigate the ecological associations between variables. 13 
Data sources and methods
Routinely collected data on ORS distribution and on registered deaths were obtained from the Federal Ministry of Health as well as from State Secretariats of Health. Since under-registration of infant and childhood deaths was expected, analyses were based on proportionate mortality. The National Institute of Geography and Statistics provided population and socioeconomic data.
Information was also obtained from the reanalysis of a number of recent statewide, population-based surveys supported by UNICEF, 10 including a 1989 diarrhoea management survey in four representative states" and a 1991 survey on vaccine coverage and diarrhoea management survey in the 9 states. 12 These provided data on diarrhoea frequency and ORT use rates, as well as on breastfeeding, immunization coverage, nutritional status, water and sanitation, maternal education and family income.
Reliable data on trends in hospital admissions by cause were not routinely available. In each state capital, the largest public paediatric hospital was visited by a physician or registered nurse who reviewed systematic samples of at least 360 records of children under five, for each year from 1980 to 1990. In four hospitals the case-notes for earlier years had been discarded so that shorter time series were obtained (starting in 1981, 1982, 1984 and 1985) . Linear regression techniques were then used to extrapolate the data to earlier years.
A more detailed study covered children admitted in the years of 1980, or the earliest available year, and of 1990. The case-notes of systematic samples of children admitted with diarrhoea were reviewed, totalling 2224 admissions in the 9 states. Information was collected on several variables related to
Results

Time trends
Proportionate infant mortality (the percentage of infant deaths over deaths at all ages) declined from 32.0% in 1980 to 17.1 % in 1989 ( Figure 2 ). An important reduction was also observed for the percentage of infant deaths attributed to diarrhoea ( Figure  2 ), which fell from 40.8% to 25.0% during the decade. As a result of both trends, infant diarrhoea deaths, which accounted for 13.1% of all registered deaths in 1980, represented only 4.3% in 1989, a 67% reduction. Unfortunately, data prior to 1980 were only available for a few states and were based on place of occurrence, rather than place of residence so accurate time trends cannot be calculated. Trends in proportionate mortality may be obscured by changes in the denominator, as for example by rising numbers of deaths due to other causes or at other ages. It is therefore useful to examine the absolute number of registered deaths. Table 1 shows that infant and childhood deaths due to diarrhoea were reduced by one-half between 1980 and 1989. Lesser reductions were also observed for other causes of death. On the other hand, the total number of registered deaths at all ages increased slightly during the decade. The data in Table 1 have not been weighted according to state populations and therefore do not reproduce the proportionate mortality rates presented above. Under-registration precludes the direct calculation of diarrhoea mortality rates. However, indirect techniques 8 based on censuses and demographic sample surveys show that infant mortality in the Northeast fell from 115.3 per thousand in 1980 to 79.6 in 1988, the latest year for which these are available. This 31% reduction is less marked than that observed for proportionate infant mortality between 1980 and 1989, but it is reassuring that the trends are in the same direction. Multiplying these rates by the proportions of registered infant deaths due to diarrhoea, one may estimate that the infant mortality rate due to diarrhoea decreased by 57%, from 47 to 20 per thousand.
Trends in hospital admissions
The hospital data confirm the marked decline in diarrhoea ( Figure 4 ). The mean percentage of infant admissions due to diarrhoea in the 9 hospitals decreased from 57.1 % in 1980 to 29.8% in 1990. On the other hand, hospitalizations due to respiratory infections increased from 16.1% to 25.0%. Among children aged 1-4 years, diarrhoea fell from 18.9% of the admissions in 1980 to 13.0% in 1990, whereas respiratory infections decreased slightly, from 31.9% to 27.6%. Table 2 compares children admitted with diarrhoea in 1980 (or the earliest year for which data were available) and 1990. There was surprisingly little change in the decade. The duration of admissions was slightly shortened. Both IV and oral rehydration rates increased; note that their sum exceeds 100% since many children received both treatments. Interesting findings include the high proportion of children with persistent episodes, about one in four, and the casefatality rate of 13%.
Trends in ORS distribution and ORT use
Time trends in ORS distribution are only available for the whole country ( Figure 5 ). Traditionally, a large proportion of the ORS supply has been directed to the Northeast (about one half of the packets in 1990). ORS started to be distributed by the government in 1982 and showed a generally ascending trend, with the noticeable exception of 1986 when it fell to under five million packets from a previous level of almost 15 million. Figure 5 also shows the proportion of infant diarrhoea deaths over all deaths at any age (the product of the proportionate mortality of infants relative to deaths at all ages multiplied by the proportion of infant deaths due to diarrhoea). Diarrhoea mortality decreased as ORS distribution increased, but the fall was already occurring before ORS was introduced. The largest annual reductions in the proportion of infant diarrhoea deaths over deaths at all ages took place in 1984 (29%) and 1988 (21%).
Two representative regional surveys" 12 confirmed the increase in oral rehydration, from 24.3% of episodes in 1989 to 35.3% in 1991. Increases were seen for ORS packets (6.8 to 8.8%), salt and sugar solutions (14.7 to 24.2%) and, to a lesser extent, for commercial preparations (4.3 to 4.8%). Table 3 . Income indicators worsened during the decade: income distribution became more concentrated and the percentage of families below the poverty line increased. 17 show that the percentage of households with piped water in three Northeastern states almost doubled in the decade.
Variables related to health care tended to improve. Government expenditure in health and nutrition increased fourfold but the expansion was mostly in nutrition supplementation programmes.
14 Trends in medical attendances were not as clear, but there were marked increases in the coverage of measles and DPT vaccines. 18 Measles is associated with severe diarrhoea. 19 Breastfeeding duration showed a substantial increase, despite the fact that the figures for 1981 and 1989 are based on two surveys with different methodologies.
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- 21 The only comparable statistic that could be calculated from these surveys was die point prevalence of breastfeeding, that is, the percentage of infants receiving any breast milk on the day of the interview (Benicio MHA, personal communication). In 1989, the median duration was estmated at 134 days. The data in Table 3 refer to the whole country, but studies have shown that the Northeast has similar breastfeeding rates.
-
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A major improvement was observed in terms of nutritional status between 1975 and 1989, 2324 when two nationwide surveys were carried out. The 1975 survey showed that 27.0% of children under five in the Northeast had a weight-for-age below -2 z-scores, while the figure for 1989 was only 12.8%. This decline has been attributed to two factors: important economic improvements in the 1970s (but not in the 1980s) and increased governmental services in the 1980s.
14 Data in Table 3 for Northeastern infants were obtained through special tabulations of both surveys (Benicio MHA, personal communication) and later interpolated to the year of 1980. Further evidence shows that malnutrition in the Northeast continued to fall in the late 1980s and early 1990s. 10 In summary, there was some economic deterioration but health care and breastfeeding indicators showed some improvement. The prevalence of malnutrition fell sharply.
Expected mortality reduction
The data presented on Table 3 allow the simulation of the expected change in diarrhoea mortality due to the observed variations in risk factors. Substantial changes were observed in the percentage of poor families, in water supply, in breastfeeding, in malnutrition and in measles vaccine coverage. For calculating the impact of these changes, relative risks from studies carried out among low-income Brazilian populations were applied to the prevalences of infants exposed to different risk factors around 1980 and 1989. Such relative risks may differ from diose reported in the original papers since it was often necessary to regroup categories to match the data available for the Northeast. Table 4 shows the data used in the simulations.
The larger proportion of families living in poverty would be expected to increase mortality. In a population-based study in Southern Brazil, diarrhoea deaths were 7.6 times more frequent in families earning less than the minimum wage. 23 The estimated increase in diarrhoea mortality resulting from economic deterioration would be 17%.
Changes in the other risk factors would tend to decrease diarrhoea mortality. The expansion in piped water would result in a 19% reduction, assuming that the risk of diarrhoea death is 3.9 times greater among infants without piped water. 26 Increasing breastfeeding would reduce diarrhoea mortality by 12%, assuming a relative risk of 4.6 for non-breastfed infants. 27 No Brazilian studies are available on the protective effect of measles vaccine against diarrhoea mortality. Based on international data, Feachem and Koblinsky 19 have estimated the impact of measles vaccination on diarrhoea mortality. Using their methodology, the change in vaccine coverage from 26 to 48 % could have resulted in a maximum reduction of 6.8% of diarrhoea deaths among under fives. Since the present simulations are restricted to infants and the recommended age of vaccination is at 9 months, die impact on infant diarrhoea mortality can be assumed to be negligible. A figure of 1 % is used for simulation purposes.
Estimating the possible impact of malnutrition on diarrhoea mortality is more complex. Brazilian studies have shown a) die risk of diarrhoea mortality in infancy is doubled for low birthweight babies, 2 * b) the risk of dehydration as a consequence of diarrhoea is 3.9 times greater for babies with weight-forage below -2 z-scores; 29 and c) this same level of deficit was not associated with an increased risk of " Approximate year (see Table 3 for exact date of estimate) b Assuming a relative risk of 1.0 for children not exposed to the risk factor c Proportion of all infants aged 0-11 months who were not being breastfed at the time of the survey diarrhoea hospitalization. 30 Considering that infant malnutrition is largely due to low birth weight 31 and also that the observed improvement in nutrition may be partly due to a decreasing impact of severe diarrhoea, 30 a relative risk of two was used in the present simulations, resulting in an expected reduction of 5% in diarrhoea mortality. Had the higher relative risk of 3.9 been used, the expected decrease would be of 11%.
When the effects of the above factors were jointly considered, a reduction of 21% in infant mortality due to diarrhoea would be expected. Since the actual reduction was estimated at 57%, additional factors must be playing a role.
Ecological analyses
Using the 9 states as units of analysis, ecological correlations between proportionate infant mortality due to diarrhoea in 1989 and a number of risk factors were investigated. Two consistent associations emerged. The proportion of infant deaths due to diarrhoea was significantly lower in states with higher ORT use rates ( Figure 6 and Table 5 ). The same was also observed for proportionate infant mortality (Table 5 ) and for the proportion of infant diarrhoea deaths over all deaths at all ages. The prevalence of breastfeeding at 6 months was also inversely related to these three mortality indicators ( Figure 7 and Table 5) .
Contrary to what might have been expected, indicators of socioeconomic status, such as mean income, income distribution and maternal education failed to show significant ecological associations 
Discussion
Public Health has been described as the art of taking correct decisions based on limited data. The present analyses highlight the difficulties of evaluations based on routinely collected data.
The data limitations are obvious. Under-registration is the first. In 1989, about 37 000 infant deaths were registered in the region. Divided by the estimated number of 1 050 000 births, this yields an infant mortality of 35 per thousand, or about half the estimated rate. An additional problem is ascertainment of the cause of death. In some states, as many as half of the registered infant deaths were ascribed to illdefined causes and had to be excluded from the calculation of cause-specific proportionate mortality ratios. Even for those deaths with a certified cause, incorrect diagnoses may occur due to limited clinical and laboratory facilities. The frequency of ill-defined causes, however, was positively correlated to proportionate diarrhoea mortality (Spearman's r=0.55 for 1989); this makes it unlikely that such certificates may be concealing diarrhoea deaths. In fact, poor registration is more likely to have led to underestimation of perinatal deaths (Spearman's r= -0.53 between proportions of ill-defined and perinatal causes).
The data were carefully examined for abrupt variations in absolute or relative numbers that might have suggested biased collection. The overall number of registered deaths remained stable in the decade. The absence of brusque changes suggests that, despite under-registration, time series data reflects a truly declining trend in diarrhoea mortality. The situation is slightly more complex for the ecologic analysis, as will be discussed below.
Gross under-registration precludes the use of mortality rates with population denominators. Proportionate mortality indices using reported deaths also as the denominator are relatively more robust. However, deaths of young children may be less often registered than those of adults for whose families registration has legal advantages. Also, there is a possibility that deaths due to some causes (e.g. diarrhoea, which mostly affects the poorest families) may be less often reported than other childhood deaths.
Data limitations may also affect the explanatory variables under study. Much of the available data are based on surveys, some of which may have methodological flaws, and all of which are affected by random error. For example, the ORT use rates were based on statewide surveys with typical margins of error of 5 to 10%.
Despite these shortcomings, an evaluation with imperfect data is still preferable to no evaluation at all. Three basic steps are required for demonstrating the public health impact of an intervention. The first is to show that the intervention has been delivered to the population at risk. Secondly, one must show that the disease under attack has declined. The last and more difficult step is to investigate the plausibility that the observed decline in morbidity or mortality has been due to the intervention. This entails ruling out alternative explanations. The emphasis should be on plausibility rather than on strict probability assessment. The latter, which includes the use of control groups and statistical tests, often plays only a minor role in public health evaluations, 32 where interventions have been delivered to whole populations and the units of analysis (e.g. states) are usually very few in number.
Regarding the first objective of the evaluation, ORT was introduced during the decade. Both the data on distribution and the survey-based use rates show important increases during the decade. Although ORT was used in about one-third of the episodes, it was administered in 62% of those which the mother perceived as being severe," therefore having a potentially large impact on deaths. The hospitals study also showed an increase in the use of both IV and oral rehydration. Use rates, however, do not always imply correct preparation and administration." About 40% of the solutions used in 1989 had excessive sodium concentrations but it is reassuring that the vast majority of children also received water or herbal teas which would help prevent hypernatremia." Another concern is that salt and sugar solution was used in a larger proportion of the episodes than glucose-based ORS; however, although ORS corrects electrolyte abnormalities faster than sugar-based home fluids, both types of solutions have comparable effectiveness in the majority of diarrhoea episodes which do not lead to substantial metabolic imbalances. 3 The second objective of the evaluation was also achieved. Diarrhoea mortality fell sharply during the decade. Supporting evidence is provided by two surveys from Ceara" state, each covering the same 40 municipalities; verbal autopsies showed that the proportion of infant deaths due to diarrhoea decreased from 48% to 32% between 1987 and 1990, 33 a period of energetic promotion of ORT.
Changes in other causes of infant and childhood mortality were not nearly as marked as those for diarrhoea. In fact, as diarrhoea decreased in proportionate terms, some causes such as perinatal diseases showed a relative increase while others such as respiratory infections remained unchanged. These trends suggest the presence of a specific effect on diarrhoea mortality. In addition, a greater reduction in diarrhoea mortality was observed for infants than for children aged 1-4 years. This is in accordance with a greater impact on deaths due to dehydration than on those due to persistent or dysenteric diarrhoea, since the latter are relatively more common among older children. 34 The proportion of hospital admissions due to diarrhoea were also reduced, thereby providing independent confirmation of the fall in severe diarrhoea episodes. Other causes of admissions, such as respiratory infections, showed relative increases. However, the limited data available on diarrhoea incidence, based on surveys from 1987 onwards, does not suggest a fall in incidence. 10 This finding supports the hypothesis that the reduction in severe diarrhoea was due to changes in case-management.
It thus seems clear that ORT use increased and that severe morbidity and mortality due to diarrhoea decreased in the 1980s. The likelihood that the two trends were causally related was examined by attempting to exclude other reasons for the decline in diarrhoea, as well as through ecological correlation techniques.
Important changes in the decade included a worsening of economic status as well as improvements in water supply, vaccine coverage, breastfeeding duration and nutritional status. Using relative risks of diarrhoea mortality from other Brazilian studies, it was possible to simulate how these changes would affect diarrhoea mortality. Taken together, trends in risk factors would lead to an expected decline of the order of 21 %, that is, just over one-third of the observed decline of 57%. Such simulation exercises involve a number of rather arbitrary decisions. Also, they are limited to existing data; other important unmeasured variables may have also changed. Nevertheless, when the simulation was repeated with different assumptions, the expected reduction was always well short of the observed fall in mortality. It is plausible to assume, therefore, that changes in case-management might be responsible for a substantial proportion of the decline.
The second approach to investigating the possible role of ORT in reducing diarrhoea mortality was to carry out an ecological analysis. This showed significant inverse correlations between ORT use rates and proportionate infant mortality, the percentage of infant deaths due to diarrhoea and the proportion of infant diarrhoea deaths over all deaths. Important associations were also found between these mortality indicators and breastfeeding duration. These correlations must be interpreted with caution due to the problems of ecological fallacies, to the small number of study units (9 states) and to the possibility of differential under-registration.
For example, the lack of ecological association between socioeconomic indices and diarrhoea mortality is cause for concern. The state of Maranhao, located next to the Amazon region, shows extremely poor living standards, including the highest prevalence of malnutrition in the region. 10 However, its proportionate diarrhoea mortality among infants was the lowest in the present analysis. It is true that it also had by far the longest mean duration of breastfeeding and a high rate of ORT use, but the possibility remains that under-registration may also have affected proportionate mortality indices. On the other hand, the lack of association between socioeconomic variables and diarrhoea mortality suggests that the observed correlations are not being confounded by living standards.
In summary, the present analyses have shown that diarrhoea mortality and hospital admissions decreased substantially in the 1980s, at the same time that ORT use increased in the region. A number of other changes were observed which may have contributed to the reduction in diarrhoea mortality, but taken together these would seem to explain about one-third of the observed fall. States with higher ORT use rates in the late 1980s had the lowest proportionate mortality due to diarrhoea. Although each of the above results may have been affected by poor data quality and other biases, they consistently support the hypothesis that changes in case-management, including ORT use, may have been responsible for a substantial proportion of the remarkable recent decrease in diarrhoea mortality in Northeast Brazil.
